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is handling the normal and eternal forces of nature. An added inter-
est attaches to each new variation when it is realized that every in-
stance of mutation is a part of the order or nature, and not a mon-
strous departure from natural conditions; and the sense of exaltation
that comes from dealing with the processes and products of universal
evolution cannot fail to increase enthusiasm and efficiency in the

- breeder's work.

CARNATION BREEDING.

By FBED. DOBNEB, SB., Lafayette, Ind.

. Carnation breeding, as it is carried on among the florists at the

.present time, is altogether for commercial purposes. Its object is the
/production of new varieties which are improvements over existing
forms. The gradual deterioration of the standard varieties has nat-
urally increased the demand for others to replace them. The greater
prevalence of disease among carnations at the present time, has also
caused a demand for disease-resistant varieties.

As the carnation is a plant which has been under cultivation for
centuries, it is necessary to know something of its primitive charac-
ters to understand the significance of its development.

The original carnation, as we are told, was a small single flower of
a flesh or pinkish mauve color. The more one studies the carnation
of to-day, the more one is inclined to believe that the latter was the
more common color, as a mauve or purplish color may be detected in
most varieties of to-day. It bloomed but for a short season each year
and was of a very grassy habit.

The first noticeable improvement was probably made, through breed-
' ing and cultivation in France during the sixteenth century. However,

it was not until the year 1840 that our present monthly and, later,
everblooming variety made its appearance. This also occurred in
France.

The most noticeable improvement in this type came 30 or 40 years
later in this country. To-day its culture has been taken up by many
specialists and it is a staple product with most florists.

Judging from the present achievements, the result of this develop-
ment from its original state,is due to accidental and artificial breed-
ing and cultivation. Cultivation gave us the double flower, but it re-
quired the aid of breeding to give color, size, and longer and stronger
stems. To this it also added a more desirable habit and freedom of
bloom. These latter qualities have given us our present ever-blooming
varieties.

A third factor, for the improvement of a race, is selection. By its
aid a variety may be raised to a much higher standard. Selection is
naturally used in breeding on the ground of the " survival of the
fittest."
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This now brings us to our present methods of cross breeding.
The first thing to be considered is the elimination of many of the

objectionable characters which belong to the primitive form, and
which cling very tenaciously to the race. In addition to these are
other characters incorporated during later stages of development
which must also be eliminated. It is these undesirable habits which •
retard the work and make progress slow.

The tendency to revert is very great. Favorable cultural condi-
tions, in connection with careful selection in breeding, help much to- .
eliminate undesirable characters. A neglect of these two factors will
encourage reversion. The natural laws of reproduction are too strong
to eliminate at once all the objectionable hereditary traits.

This is well illustrated by the results of carnation breeding at our.
own place. The work was begun in 1889 and the varieties used were
those then at my command. They comprised all the principal colors.
For two or three years all new varieties obtainable were also added to
the stock. After this time the work was confined mainly to the seed- .
ling stock which from year to year developed better qualities.

The tendency to revert is well shown here. In the first lot of seed-
lings fully 50 per cent were single; 15 per cent had split calyces; 20
per cent were croppers or annual bloomers. This left only 15 per
cent of the lot which were considered worthy of a second year's trial,
and if they had been selected with the same degree of care as at the
present time, there would only have been about 5 per cent.

The number of single-flowered varieties has decreased from year
to year with a corresponding increase in good doubles and those liaving
split calyces. The past season showed only about 20 per cent of
single-flowered forms. The croppers and annual bloomers have also
diminished at the same rate.

At the same time a great improvement has been noted in habit,
length and strength of stem, size of flower, greater range and purity
in color, better form, and greater freedom of bloom.

To better understand the results obtained, something should be
known of the methods employed in breeding. With us the months'
of December, January, and February are considered the best to carry
on the work. The carnation, as it is now grown under glass, is then
at%its best. It will be found that work is a little more difficult, at this
season of the year, owing to the fact that there is less pollen produced
in these three months than at any other time. However, as this is the
time of best development, it should also be the best time for selection
and crossing.

There is also another factor which makes this time desirable. The
absence of insects makes the protection of the flowers unnecessary.
In a commercial establishment where from TOO to 900 flowers are
pollinated during the season, this means a great saving of time.

The entire time required from the growing of the seed to the time
of benching of the selected plants, is less than a year. The seedling
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plants are allowed to bloom in the field and the first selection is made
from there. This best corresponds with our present mode of culture.
• The commercial grower hardly exercises the same degree of care
for the prevention of contamination by foreign pollen, as the scientist.
By not using sterilized implements, it is impossible to exclude all
chances of error. Yet, where records are kept, the work should be
done with the greatest care possible. These records, although they
may not be entirely accurate, by their great number are still accurate
enough for the drawing of conclusions which may be used for the
foundation of scientific research. The commercial growers work must
pay and his results are best shown in dollars and cents.

The first step in the mechanical operation of pollination is the
preparation of the flowers. These are selected before the pollen is
ripe and the anthers are removed. At the same time some of the
inner petals are also trimmed out to allow room for the development
of the pistils. The remaining petals will always tell, if fertilization
has been effected, by closing up around the pistils in from one to four
days after pollination.
. The pistils are mature within a few days after emasculation and
are receptive when the upper or inner surface has a hairy appearance.
The pollen is best when fresh and is transferred to the pistil by means
of a camel's-hair brush. If left too long on sunny .days it becomes dry
and is difficult to handle. Old pollen should not be used, as pollen
is short-lived and soon loses its vitality.

As a result of the high state of breeding, certain lines of work are
often terminated by the production of varieties which are entirely
sterile, producing neither pollen nor seed. Some varieties may de-
velop seed freely but produce no pollen, while others produce an
abundance of pollen but develop no seed. In some of the cases where
no seed is produced the pods, to all appearance, develop normally, but
when broken open contain a number of smaller pods, each with its
pistils, in the place of seed.

These points must all be taken into consideration by the breeder,
who often finds that a valuable strain which he is trying to develop
may receive a serious check.

The selection of the best and the use of none but the best is the
first rule to be observed in the work of breeding carnations.

The use of all annual bloomers, croppers, and varieties showing any
hereditary tendencies toward disease must be avoided. The use of
any of these is, in fact, a step backward.

In some cases where the variety has some desirable feature which
is worth transmitting these may be used, but it is with the risk of in-
troducing again the undesirable characters which one desires to
eliminate.

The requirements of a good carnation, such as the breeder is striv-
ing for, are many. The true ever-bloomer, which is the best of our
present type, has in contrast to its predecessors, a long-jointed and
open instead of a short-jointed and densely grassy growth. In the
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former, not so many shoots are formed at one time, but each as it
is formed elongates and develops a bud. In the case of the latter
many shoots are formed at the same time with the result that there
is a period of many flowers followed by one of few or no flowers.

A variety soon shows its characteristics whether it is a seedling or
a plant grown from a cutting. If the young seedling is an everbloomer
it commences to bloom when only two or three months old and a cut-
ting from it blooms as soon as it is fairly established. The flower
stem and side branches should appear at the same time. In other
words the plant should have branches in all stages of development at
the same time. This will give a well formed plant which blooms con-
tinuously and has no superfluous foliage. In general the leaves are .
broader and shorter and the stems longer and stronger than those of
its predecessors: This should be the general appearance and there is
much room for improvement by selection and breeding in the varieties
of to-day.

Among the free bloomers there are strong growers and weaklings.
Some have a bluish green foliage while that of others is a soft light
green. The latter also have a more succulent stem. Those with the
bluish-green foliage are much to be preferred, as they generally have
the stronger constitution. Both may have equally good flowers.

In breeding, then, only those varieties which are approaching the
ideal habit should be used. Following this method each year, brings
us less and less of the old time croppers and more of the everbloomers.

One must work, then, for a well-balanced, strong-growing plant,
continually producing new shoots, so that a bench of them will always
have approximately the same number of buds and flowers.

In a good flower we look first to purity of color. The bloom must
be moderately filled, and not over-filled with petals, must have size,
symmetrical form, fragrance, and a non-splitting calyx.

In selecting the parents for a crossing, we first consider color. We
must look to the development of purity and brilliancy by the elim-
ination of undesirable undertones, shadings and stripes, and also to
the creation of new and desirable shades.

With us the following rules have been employed to secure these re-
sults. Pure white is secured by working white on white; yellow by
working yellow with yellow or white. Yellow with scarlet will in-
tensify the scarlet or- may produce deeper yellow or orange. Scarlet
with crimson intensifies crimson and gives the scarlet maroons. All
shades of pink may be used together; but for the development of
clear pink, all those with scarlet or mauve undertones are not to be
used. All pinkish lavenders, mauves, and purples are kept in a class
by themselves and should not be used with other colors, as they dull
them.

Nearly all the variegated forms have either yellow or white for their
ground color. When used with a self, the self should correspond either
to the ground color or stripe. When two variegateds are used, the
markings should belong to the same color class.
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Next to be considered is the calyx. There are numerous varieties
hich habitually split the calyx and are worthless. There are also

Ivome which under certain circumstances split what appears to be the
Istrongest kind of a calyx, while on the other hand, some large flowers
|are held intact by an apparently weak one. I t is not so much the calyx
fthat counts as the rapid pushing of the petals out of it.

The growth of the flower should be completed outside when the
|flower expands.
I Form must also be considered. Any recurving of the outer petals
is bad, as it makes the flower look small and ragged. Incurving of

tthe petals is also to be avoided, as it gives the flower the appearance
'of "sleepiness." The outer petals should expand horizontally well
f "above the calyx, the inner ones may be arranged more or less symmet-
rically, but must not leave an open center.

Discard, then, all forms with incurving or reflex petals.
The shipping qualities of the flowers should also be considered, as

'the carnation of to-day must stand much handling. A flower with a
fine symmetrical form, broad petals, and smooth edge, will seldom
ship well. The petals break or slip one in under the other, and the
flower becomes deformed. On the other hand, one with narrower
petals irregularly arranged and with serrated edges is the shipper.
To hold the two side by side, the former is an esthetic beauty, but
the latter is better in massing and can stand handling without being
easily spoiled.

Whatever the result striven for, success seldom follows in the first
crossing. I t may come in the second or third year if the same line

' of work is followed. The union of two long-stemmed varieties is likely
to give short-stemmed forms, but the progeny of the second or third
year may have the long stems.

It took 16 years to develop an equally good growing habit in all
colors, with good stem and freedom of bloom. During this time many
varieties with fine flowers were discarded, as they would have been
failures commercially on account of being shy bloomers.

To secure our ideal carnation, then, we must work for (1) purity
and brilliancy in color; (2) strength in calyx to prevent bursting;
(3) sufficient length of stem and strength to carry the flower; (4) a
well-rounded form with an evenly divided and fairly smooth petalage;
(5) a strong habit resistant to disease and capable of producing a con-
tinuous crop of flowers.

In conclusion one might say that carnation breeding has been, and
is yet to a certain extent, very unstable. With such a mass of heredi-
tary properties and traits, results may be secured which would surprise
even a scientific breeder. The intricacy of this work and the manifold
results obtained, lead one into a maze of conclusions only to get lost.
Yet these conclusions help to lead us on to better results. As the work
advances our ideals are raised thus adding new stimulation to spur
us on.
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TVESDAT EVENING, JANUARY 15—&ENERAL SESSION..

The Association met with the Ohio State Farmers' Institute anil
other agricultural organizations in the hoard of trade auditorium!
with Dr. W. 0. Thompson, President of the Ohio State University, inf
the chair. A musical selection was given by the Angelus Ladies'
Quartette. '•

PRESIDENT THOMPSON : It is a very great personal pleasure this j
evening to welcome those who appear on this program; and an especial I
pleasure to welcome one who is to first appear, and address us on thef
subject of " Education and Breeding."

Professor Hays was once in Iowa as a student there, and has done'
some good things in Iowa; but those of us who are interested in agri-1
cultural education came to know him first and foremost in the Uni-i
versity of Minnesota in his agricultural work there, where he made for 1
himself a place in the affections of the farmers of the Northwest, and."
established a reputation in the judgment of the scholars of agriculture j
throughout the country, and achieved a place in agricultural education;
that is peculiarly his own. He has worked out a place for himself j
and has filled it to the satisfaction and pleasure of his friends. Therei
is no doubt about his successful career in Minnesota; everybody there \
knows what W. M. Hays has done. They do not prefix any title to j
his name there. It is not necessary in Minnesota, for there is only \
one W. M. Hays up there.

For some undiscoverable reason he slipped off to Washington—1\
suppose through the keen insight of Secretary Wilson. He is only in ]
Washington temporarily. We have loaned him to the United States.
Later on he will be back and doing his life work in agriculture. He;
is doing in the Department of Agriculture a work which will endear'
him to the people who are interested in this great subject. There is:
not any man in agricultural circles in this country whose introduction:

here would give me greater pleasure than that of Willet M. Hays, who
will speak to us to-night upon " Education and Breeding," and give j
us some illustrations.
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